Introduction
Redistributing pressures under the diabetic foot is essential to prevent and heal plantar ulcers. However, several studies have reported that people with diabetes tend to wear their offloading devices, such as walkers, half-shoes, and therapeutic shoes, less than would be advisable. [1] [2] [3] [4] [5] [6] [7] Therefore, guidelines recommend using nonremovable devices, such as total contact casts, to offload pressure on ulcers. 8, 9 However, it is not feasible to use nonremovable devices once the ulcer has healed and often therapeutic shoes are prescribed to prevent reulceration. High reulceration rates have been reported in the literature [10] [11] [12] and low adherence to wearing the therapeutic shoes might be one explanation. 2 Thus, there is a need to understand the reasons for the low adherence to wearing therapeutic shoes to be able to improve it and thereby reduce ulceration rates among people with diabetes.
The World Health Organization defines adherence as "the extent to which a person's behavior -taking medication, following a diet, and/or executing lifestyle changes -corresponds with agreed recommendations from a health care provider." 13 This definition emphasizes the person's agreement to the recommendations, in contrast to the older term compliance, which suggests obedience to expert advice. People cannot simply be expected to follow their treatment regimen (and blamed if they do not), as a number of factors will affect their behavior and capacity to adhere. Adherence is thus a multidimensional concept, proposed to consist of five interconnected dimensions: 1) patient-related factors; 2) therapy-related factors; 3) condition-related factors; 4) health system-related factors; and 5) social and economic factors. 13 When people are asked about their therapeutic shoes, common complaints and reasons for not wearing them are that the shoes are found to be unattractive, too big, uncomfortable, or difficult to walk in. 1, [14] [15] [16] These reasons are well known to clinicians prescribing therapeutic shoes, but there might be other, less obvious, factors that influence an individual's decision to wear or not wear therapeutic shoes. These factors might include perceived severity of the foot condition, sensory neuropathy, and beliefs about what causes foot ulcers. Such reasons are not always obvious to the person with the foot condition and would therefore not be mentioned in interviews. Thus, there is a need to complement qualitative studies and clinical experience with quantitative studies that can reveal other factors that influence adherence, and thereby get a broader picture of the complex phenomenon of adherence to wearing therapeutic shoes.
The aim of this study was to review and discuss the current quantitative literature on factors associated with adherence to wearing therapeutic shoes among people with diabetes and construct a model of adherence to support future research and development in the field.
Methods
We searched PubMed, CINAHL, and PsycINFO in June 2016 from their inception. The language was restricted to English.
Search details are presented in Table 1 . The abstracts of all articles were read by one of the authors (GJ) and both authors read the full text of the articles that were relevant for the purpose of this review. Studies were included only if they included a statistical investigation of factors associated with adherence to wearing therapeutic shoes among people with diabetes.
Results and reflections
The search yielded 46 unique articles. One of the authors (GJ) read the abstracts (or full text, if no abstract was available) and excluded 34 articles that did not fulfill the inclusion criterion. Both authors read the full text of the 12 remaining and potentially relevant articles and excluded six more articles that did not fulfill the inclusion criterion. Thus, six articles were included in the review ( Table 2 ). The studies investigated adherence with regard to factors related to the patient's perceptions, the condition, the therapy, the patient's social and economic circumstances, and the health system, with the main focus on patient-, therapy-, and condition-related factors.
Description of included studies
Arts et al 17 studied 153 people with peripheral neuropathy and a recently healed plantar foot ulcer, and investigated the association between self-reported adherence and demographic variables, perceptions of the shoes and other factors in a multiple regression analysis. Participants were considered adherent ("frequent users") if they wore therapeutic shoes for at least 60% of daytime hours.
Breuer 18 interviewed people with peripheral neuropathy and a healed ulcer. Fifty-one of the 85 interviewees were considered adherent, defined as wearing therapeutic shoes on the day of interview, and 34 were considered nonadherent. Characteristics of the participants and answers on a questionnaire were compared between the adherent and nonadherent groups.
Chantelau and Haage 3 interviewed 51 people attending a diabetic foot clinic. Sex, ulcer history, and frequency of foot 
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Adherence to wearing therapeutic shoes care were compared between the 37 interviewees classified as adherent (those who reported that they wore therapeutic shoes for .60% of daytime hours) and the 14 interviewees classified as nonadherent.
Churchman 19 sent a questionnaire to people who had had a foot ulcer within the past 2 years, and 20 of the respondents had been prescribed therapeutic shoes. The relation between sex and self-reported use of therapeutic shoes (days per week and hours per day) was investigated.
Macfarlane and Jensen 20 surveyed people who had been provided with therapeutic shoes and investigated correlations between the 50 respondents' self-reported adherence and age, diabetes duration, and perceptions of their foot condition and shoes.
Waaijman et al 5 investigated adherence in 107 people with therapeutic shoes, using a temperature monitor in the shoe and a step activity monitor strapped to the leg. The association between adherence and factors related to the person, condition, shoes, and social situation was investigated in a multiple regression analysis.
The results are summarized in Table 3 and the main findings are discussed further according to the five adherence dimensions proposed by the World Health Organization. 13 Many factors were investigated in only one study and most associations were nonsignificant.
Patient-related factors
Sex differences in attitudes toward therapeutic shoes have been reported in the literature, with women being less satisfied than men with the choices of shoe style and color.
1 From this, it would be expected that women wear their therapeutic shoes to a lesser degree than men do. This was investigated 
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Jarl and Lundqvist in five studies, 3, 5, [17] [18] [19] but no association between sex and adherence was found. Age has previously been found to be associated with adherence to physical activity and diet in people with diabetes. 13 Four studies 5, 17, 18, 20 investigated the association between adherence to wearing therapeutic shoes and age, of which one study 18 found an association: the nonadherent group was younger than the adherent group.
Two studies 18, 20 investigated the association between adherence and perceived severity of the foot condition, but only one 18 found a positive association. Surprisingly, and counterintuitively, Breuer 18 found that the proportion of people who expected ulcer recurrences whatever they did was higher in the adherent group than in the nonadherent group.
An association could be expected between the value the person puts on the shoes and adherence, but the results were conflicting: one study 18 found that the proportion of interviewees who would have therapeutic shoes rather than clothing, TV, or traveling was higher in the adherent group, whereas another study 17 found no association between overall appreciation of the shoes and adherence. It has been hypothesized that perceived benefits are important for an individual's decision to use therapeutic shoes and other assistive devices. 21, 22 One study 17 found an association between perceived benefit of therapeutic shoes and adherence (although not significant in the case of benefit in the workplace, which might be attributed to the fact that few of the participants were working). Macfarlane and Jensen 20 found that respondents who believe that wearing therapeutic shoes is important to prevent complications also wear them to a higher degree. Interestingly, the latter study did not find any association between adherence and the more general belief that therapeutic shoes are important. It might be the case that adherence is determined by an individual's personal beliefs about his or her own feet and shoes, rather than by general beliefs about foot disease and therapeutic shoes. To the best of our knowledge, the study by Macfarlane and Jensen 20 is the only one that has investigated whether the person's belief in the main aim of prescribing therapeutic shoes, that is, reducing ulceration risks, influences adherence. Risk perception is an interesting aspect, given that many people with diabetes are not aware that they have sensory neuropathy 23 or do not consider it to be a risk factor for foot ulcers. 14 In the study by Macfarlane and Jensen, 20 most respondents felt that their foot condition was better than that of most other people with diabetes, even though 62% had a history of foot complications. Further studies are needed on how to educate and inform patients about risks and risk management. These risk education programs should observe that some people with foot ulcers may have cognitive difficulties 24 and therefore need adapted teaching. An interesting avenue for patient education is the development of activity monitors and temperature sensors to measure adherence and provide feedback to patients. 25 
Therapy-related factors
Attributes of the therapeutic shoes, such as appearance, comfort, and weight, are common sources of complaints and could therefore be expected to influence adherence. 20 Three studies 5, 17, 18 considered shoe appearance, and one of them 5 found an association with adherence. Two studies 5, 17 investigated other shoe attributes, such as shoe type and comfort, and found no association with adherence. The reason might be that the individuals and shoe types used are too heterogeneous to find common patterns.
Condition-related factors
People with diabetic foot complications often suffer from significant comorbidity 26 and thus undergo several simultaneous health treatments. Five studies 3, 5, 17, 18, 20 investigated whether health conditions (including diabetes and related complications) and treatments influence adherence: diabetes duration consistently showed no association with adherence, 5, 17, 18, 20 while diabetes type was associated with adherence in one 18 of three studies. 5, 17, 18 Four studies 3,5,17,18 investigated whether foot status influenced adherence: ulcer history consistently showed no association with adherence, 3, 5, 18 while the results were conflicting regarding the presence of minor amputation 5, 17, 18 and severity of foot deformity (including minor amputations). 5, 17 Only one study 5 investigated the history of major amputation and found no association with adherence. One 5 of two studies 5, 17 investigating body mass index found a negative association with adherence.
Some authors 27, 28 have hypothesized that sensory neuropathy reduces adherence to wearing offloading devices. The rationale is that pain is an important motivator for an individual to offload pressure on an ulcer, and with sensory neuropathy this motivator is diminished or absent. Neither Arts et al 17 nor Breuer 18 found any association between sensory neuropathy and adherence, but as the participants did not have ulcers at the time of the study and were not asked specifically about pain, it is not possible to corroborate or refute the hypothesis from these results. There are currently no studies on people without active ulcers investigating pain as a direct motivator for adherence, that is, the difference in pain between when wearing therapeutic and other shoes (or no shoes).
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Adherence to wearing therapeutic shoes Health system-related factors One study 18 investigated the association between adherence and the extent to which interviewees felt sufficiently informed about the foot disease, but found no association. Some authors have hypothesized that the payment structures for therapeutic shoes might influence adherence. Soorikumaran 29 hypothesized that people would wear the shoes more if they had to pay a fee for them, in accordance with the sunk-cost effect, which is manifested in a greater tendency to continue an endeavor (in this case, wearing therapeutic shoes) once an investment has been made. 30, 31 On the other hand, a fee might be an obstacle for some people to obtain therapeutic shoes at all.
14 To the authors' knowledge, the hypothesis about the impact of fees on adherence to wearing therapeutic shoes has not been studied empirically. Neither has any study investigated the effects of presumably important health systemrelated factors, such as the reimbursement system, frequency of follow-up, continuity of care, and communication style of the shoe provider.
Social and economic factors
Three studies 5, 17, 18 investigated different social factors and found no impact on adherence from living alone, 5, 18 employment, 5, 18 or education level. 5, 17 None of the studies investigated whether social support influences adherence.
The scarcity of studies investigating social and economic factors is surprising, given the impact of social context on fashion and clothing. In rural areas in developing countries, it is common to walk barefoot outside, even among people with diabetes, 32, 33 and there are large variations across countries in the extent and type of shoes that are worn indoors. Some professions demand that employees wear protective shoes or shoes with a certain appearance, and therapeutic shoes might reveal the individual's diabetes diagnosis to other people, which can be unwelcome. 22, 34 Thus, there is a need to include social, professional, and other environmental factors in future studies on adherence. Simply instructing people to wear their therapeutic shoes all the time without taking context into account is probably not a successful strategy. There is a need to "tailor the treatment to the patient's lifestyle, not the other way around." 35 
Discussion
Studies to date have mostly focused on adherence to wearing therapeutic shoes in relation to the patient's perceptions, therapy (eg, shoe comfort) and condition (diabetes and its complications), with little emphasis given to factors related to the patient's social and economic circumstances or the health system. Many factors have only been investigated in a single study and most have turned out to be nonsignificant. There are too few studies to draw any firm conclusions at present, but there is some evidence (three to five studies) for not using sex, diabetes duration, or ulcer history as predictors of adherence. The evidence for or against the other factors is weak (only one or two studies) or conflicting.
It might seem counterintuitive that complaints that are common in qualitative studies and clinical practice, such as shoe appearance, in most cases are not associated with adherence. The reason might be that people give different weight to different factors. Some do not wear the shoes because they are unattractive, while others wear the shoes even though they are unattractive, because they perceive some other benefit of wearing them. The results of this review also contrast with studies on mixed samples of people with diabetes and other health conditions, where sex and opinions about shoe attributes have been associated with adherence levels. 36, 37 However, the results are difficult to compare with the current review, as shoes are prescribed for different reasons according to the diagnosis, for example, ulcer prevention for people with diabetes and pain relief for people with rheumatoid arthritis.
The results on objective and subjective foot status were mixed, with some studies supporting an association with adherence and some studies not. Knowles and Boulton 1 state that the person needs to be convinced of the severity of the foot condition and the benefit of wearing therapeutic shoes. We agree and pose the following hypothesis: adherence to wearing therapeutic shoes is positively influenced by the foot condition only if two prerequisites are fulfilled: 1) the person thinks that the foot condition is a problem (which might be more apparent with a minor amputation than with a healed ulcer); and 2) the person believes that wearing therapeutic shoes solves this problem better than wearing other shoes (or no shoes). Interestingly, two studies 17, 20 found that the perceived benefit of wearing therapeutic shoes was associated with higher adherence. This is in line with a theory of adherence to using assistive technology, emphasizing the impact on adherence of perceived benefits of using the technology in comparison with other interventions. 21 Therefore, we suggest that future studies should ask people specifically about perceived costs and benefits of wearing therapeutic shoes in comparison with other shoes (or no shoes).
There are several limitations with the included studies and, therefore, we did not find it meaningful to grade the quality of the studies. All studies were observational cross-sectional studies, many studies had small samples of participants and the studies defined and measured adherence in different ways; these weaknesses made it more difficult to draw conclusions about the influence of various factors on adherence. Four of the studies only used univariate analysis, which makes the results more vulnerable to confounding. Finally, all studies were conducted in North America or Western Europe, limiting the generalizability of the results. Future studies should preferably be conducted in different cultural settings and use an experimental, longitudinal study design, and multivariate analysis to gain more robust evidence for causal mechanisms. A limitation of this review was that the search was restricted to publications in English. Hence, we cannot exclude the possibility that we might have missed some relevant studies, especially studies conducted outside North America and Western Europe.
In general, studies have not yet been very successful in finding predictors of adherence, which might have three possible explanations. First, researchers might have focused on the wrong factors and need to broaden the focus to include more factors related to the patient's social and economic situation and the health system. Second, researchers might have used the wrong perspective, for example, focusing on perceptions of the therapeutic shoes per se instead of perceptions of the relative costs and benefits of wearing therapeutic shoes compared with other shoes (or no shoes). 21, 22 Third, researchers might have paid too little attention to the distinction between group and individual-level predictors of adherence. People with diabetic foot complications are a heterogeneous group and the reasons for choosing to wear or not wear therapeutic shoes might vary so strongly between individuals that predictors for adherence can only exist on the level of the individual or subgroup, and not on the level of the whole group. Regardless of whether there are group-level predictors that have yet to be found or whether such general predictors do not exist, there is a need for a deeper understanding of the multifaceted nature of adherence as phenomenon. A model to aid such understanding is presented in the following section.
A model of adherence to wearing therapeutic shoes
We constructed a seesaw model to illustrate how different factors impact a person's or a group of people's adherence to wearing therapeutic shoes (Figure 1 ). The factors are represented by boxes, whose position on the seesaw represents the direction of impact (toward adherence or nonadherence) and the size of the boxes represents the relative weights of different factors. The net effect of the factors is illustrated by the tipping of the seesaw toward adherence or nonadherence. 
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Adherence to wearing therapeutic shoes Importantly, the factors (boxes), their direction of influence (box position), and the weight given to them (box size) are all seen from the perspective of the person with the foot condition. For example, it is the perception of the extent that therapeutic shoes reduce ulceration risks that influences adherence, not whether the shoes objectively do reduce the risks.
The model can be used to understand how, and in what way, perceptions influence adherence (or nonadherence) to wearing therapeutic shoes. Furthermore, the model can be used to highlight what actions can be taken to improve adherence. We can influence adherence (tipping of the seesaw) by changing the factors' direction of influence (box positions), relative weights (box sizes), or a combination of the two. The lines of action are illustrated with a fictive case: a middleaged man with a recently healed plantar ulcer. Note that the case is strongly simplified and only includes two factors to illustrate the use of the model. Although the man believes that wearing therapeutic shoes reduces the risk of ulceration compared with other shoes, he believes that the difference is small and this is outweighed by the fact that he finds his therapeutic shoes less attractive, a factor he gives more weight to. The net result is nonadherence ( Figure 1A ). The first option to improve his adherence would be to influence his perceptions of ulceration risks when wearing therapeutic and other shoes. Mueller et al 38 demonstrated how visualizations of plantar pressures can be used to educate people with sensory neuropathy about the offloading effect of therapeutic shoes because they no longer experience the sensation of pressure on the foot. If the person is convinced that wearing therapeutic shoes substantially reduces ulceration risks compared with other shoes, this will give a stronger motivation for adherence ( Figure 1B) . The second option to improve the man's adherence would be to facilitate the process of adapting to wearing therapeutic shoes. A qualitative case study by Paton et al 39 illustrates the dynamic process of adherence, in which some individuals shift priorities over time, resulting in higher adherence. This process can be viewed as a shift from the everyday perspective of shoes as items of clothing (emphasizing appearance), to a professional's perspective of shoes as medical devices (emphasizing ulcer prevention). 39 By understanding where an individual is in the process of adaptation, we might be able to facilitate the process and thereby improve adherence ( Figure 1C) . Obviously, the model is a simplification of the real-life situation where a multitude of factors may interact and influence adherence. Nevertheless, the case illustrates that the model can highlight different lines of action that can be taken to improve adherence. Notably, the two examples of how to improve the man's adherence do not include (but do not exclude) any improvement in the appearance of the shoes, although this was his self-reported reason for not wearing them.
Conclusion
There are too few studies to draw any definitive conclusions about factors associated with adherence to wearing therapeutic shoes. There is some evidence for not using sex, diabetes duration, or ulcer history as predictors of adherence. High-quality studies are needed, simultaneously investigating the impact on adherence of a broader range of factors, including those related to the health system and the patient's social and economic situation. The framework of perceived costs and benefits of wearing therapeutic shoes compared with other shoes or no shoes is an interesting starting point for further inquiry. A model of adherence is proposed that can hopefully support further research and development in the field.
